There are two conflicting opinions concerning the nature of the food of reef-corals. One of these is defended chiefly by Vaughan and reads thus: "The food of reef-corals consists solely of animal matter." This statement was made after elaborate feeding experiments on a large number of different species of West Indian reef-corals. These polyps invariably refused to eat plant material (diatoms and sea-weeds) which was offered to them. The other opinion, first advocated by Gardiner, is that the food of reef-corals consists in large part of the zooxanthellae which live in great abundance in their entoderm. The principal evidence for this view lies in the fact that the food-remnants found in the gastric cavity of living coralpolyps always contain a large number of zooxanthellae in various stages of disintegration, as the result of digestive action on them.
One of the ways to obtain direct evidence that coral-polyps derive a part of their nourishment from their symbiotic algae is to compare the phenomena of digestion in reef-corals which possess zooxanthellae, with those in,nearly allied species which have none: While there is considerable evidence as to the r6le of the zooxanthellae which is the result of incidental study, there remains much to be done in the way of experimental work to show what happens when polyps with symbiotic algae are deprived of other food or are supplied with it in more than normal abundance.
Astrangia danae is the only madreporarian coral found on the northern shores of the Atlantic coast of North America, and, as is well known, this dimunitive form does not occur north of Cape Cod. This species, which I came to the Marine Biological Laboratory at Woods Hole to study, proved to be a favorable object in which to follow the process of digestion. Usually the polyps of this species are completely devoid of zooxanthellae and their tissues, which have no pigment of their own, are therefore quite transparent.
Occasionally, however, in colonies of this species zooxanthellae do occur, on account of which the polyps acquire a more or less brownish hue.
In the gastric cavity of freshly collected specimens there are often found remnants of partially digested food consisting of small planktonic organisms. But, in addition, there were always found in the brown polyps zooxanthellae or products of their disintegration, whereas these algae never occurred in the food-remnants of the colorless polyps.
The polyps of Astrangia readily ingested food, which in my experiments usually consisted of crab-meat. In order to trace the food in the internal organs after it had been swallowed, it was usually colored with litmus. After a few hours the meat had vanished from the gastric cavity, for it had been digested by the mesenterial filaments. The evidence for this statement is the fact that next to the margin of the mesentery, which contains a great number of nematocysts, there is a zone which, some time after feeding, was full of red vacuoles, though before feeding this zone contained no such vacuoles. This indicates that the meat had been ingested in this region and that the reaction in the vacuoles was acid. More than two days elapsed before the color in the vacuoles changed to blue, but thereafter the greater part of the vacuoles gradually assumed that color, which showed that the reaction had become alkaline.2
That zone of the mesenterial filaments where, in the colorless polyps, the red vacuoles were found after artificial feeding, exhibited in brown polyps an abundance of zooxanthellae. These algae, however, were in a less healthy state than those in the entoderm of the other parts of the polyps. Some appeared quite normal, but in the greater part of them the contents had undergone changes in color and arrangement. Since they are found in thexregion where food of extraneous origin is ingested, these changes are undoubtedly due to their being in process of digestion by the coral-polyps.
When crab-meat is given to the polyps of Astrangia which contain zooxanthellae in their entoderm, it is as readily ingested as by those which have ilone. In the course of a few hours after meat colored with litmus has been fed, red vacuoles are seen among the zooxanthellae in the mesenterial filaments. After very abundant feeding of animal matter the zooxanthellae slowly (in a few days) disappear from the zone of digestion. Those algae which were already ingested have been completely dissolved, but no fresh algae are taken in by the mesenterial filaments when sufficient food from another source is available.
Since zooxanthellae are but rarely found in Astrangia, the digestive phenomena observed in this species cannot be considered, without further evidence, as applicable to all Madreporaria. The opportunity to work at the Bermuda Biological Station for Research, where there are many species of coelenterates in which the entoderm harbors symbiotic algae, offered an opportunity of pursuing this problem on a wider range of material. Owing to the limited time at my disposal for these studies, the four following species were selected for experimentation, as they were close at hand and easily controllable:
Isophyllia dipsacea, Siderastraea radians, Zoanthus sociatus, and Condylactis passiflora.
In Isophyllia and Siderastraea, both of which are true reef-corals, the phenomena of digestion are on the whole the same as those in the brown polyps of Astrangia. In the mesenterial filaments of freshly collected specimens of both species a zone is found, immediately back of the free edge, where numerous zooxanthellae are being digested. Here, as in Astrangia, all the different stages in the disintegration of the algae are present. When animal matter (in this case mussel-meat, or mussel-juice, colored with litmus) was fed to the polyps it was digested in the zone of the mesenterial filaments where the partly disintegrated zooxanthellae are found.
A few days after food had been aLbundantly supplied, a striking fact was observed, viz., that the number of zooxanthellae in the zone of digestion had considerably decreased. Consequently it is reasonable to suppose that in these species, too, the nutrition afforded by the animal matter is quite sufficient for the polyps and that there is no longer need of ingesting fresh zooxanthellae.
As for Zoanthus the polyps refused to ingest any kind of extraneous food that I offered to them, so that my studies were limited to a few observations on the mesenterial filaments in the normal state. The part of these filaments adjacent to the edge containing the nematocysts are here, as in the other Anthozoa hitherto studied, the chief digestive organs; these parts here also contain large numbers of zooxanthellae, many of which are in an advanced stage of disintegration. If further experiments, conducted with a large variety of food materials, were to give, like mine, negative results in all cases, it would be safe to conclude that Zoanthus is even more dependent on symbiotic algae for its sustenance than most other polyps are:
In the case of Condylactis it was found that the mesenterial filaments contained, in the usual region, large numbers of zooxanthellae, which were in various stages of disintegration. But my available time was not sufficient to allow me to carry on satisfactory experiments to test the influence on the zooxanthellae of feeding the polyps with extraneous food. The observations and experiments described above show that the association of zooxanthellae with the forms studied is substantially a case of parasitism in which the polyps feed on the algae. The algae probably derived some profit. from liing in the tissues of the polyps (they are more or less sheltered, and in a position favorable for the action of light,'which they need for assimilation; perhaps they may also use the nitrogenous' waste products of the polyps), 'but the final result of the association is that a large number of the zooxanthellae are digested by the coelenterates. In nature the food-supply for the polyps from their surroundings seems too scanty (in fact many authors have commented upon the scarcity of planktonic organisms in the water of warmer seas), and therefore the polyps are largely dependent upon their yellow algae for sustenance.
I From the Marine Biological Laboratory, Woods Hole, and Contributions from the Bermuda Biological Station for Research. No. 146. 2 Probably in all coelenterates this change from an acid to an alkaline reaction takes place very slowly. Most authors (e.g., Metschnikoff, Mesnil) knew and stated that during digestion, in actinians, the reaction of the vacuoles is acid: but Jorda was the first to suggest that probably this acid period was followed by an alkaline one, during which the absorption of the food took place.
